WEIGHTS IN THE CHI-BAR-DISTRIBUTION
In this section, we show the formulas for the weights w l , l=1,2,3,4 of a chi-bar distribution (i.e., weighted sum of χ 2 distributions), the asymptotic distribution of WTT c . In the case of ICPT for typed SNPs, weights are derived from an asymptotic covariance, which is a function of joint genotype frequencies for cases. 1 However, for untyped SNPs, obtaining weights based on an analytical form of covariance estimator for typed SNPs using the estimated joint genotype frequencies (i.e., E[N l,m |y obs ,η 0 ]/n) is not appropriate, since the uncertainty due to ungenotyped SNPs is not properly taken into account. Instead, using the jackknife,
we can obtain the estimator of V 0u , variance ofβ
0u
. We denote ρ ij be the (i,j)th element of
Then the weights are given by Kudo 2 and Shapiro, 
MISSING GENOTYPE DATA
When genotype at each marker is missing completely at random or genotypes at two markers are jointly missing completely at random, both of WTT and WTT c for interactions are applicable. For example, for genotypes at two markers jointly missing completely at random,
, and δ i = 1 if both y i,G and y i,H are observed and δ i =0 otherwise.
VARIANCE OF DOSAGE
For the case where dosage was treated as observed genotype data, we compared the average of the variance estimatorV 
2 , respectively. We can observe that for each j, the average of the variance estimatorV 0u jj across K simulations is larger than the empirical variance estimator ofβ 0u j across K simulations.
2 Table S1 : Comparison between average of the variance estimator and empirical variance estimator. β lm for l, m = 0, 1 correspond to (1). Rows (A) and (B) present
k,jj and
2 , respectively. K = 3000. Table S3 : Values of g and f for the scenarios used in simulation studies to evaluate power. Table 2  Table 3 
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